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[57] ABSTRACT 

A power consumption of a plasma discharge cells ar- 
ranged in columns and lines is reduced by, while apply- 
ing a scan pulse to the cell lines sequentially, applying a 
high voltage pulse and a low voltage pulse to those of 
cell columns, which are connected to plasma display 
cells to be illuminated, prior to and after an initiation of 
gas discharge, in those cells, respectively. Display signal 
including the high voltage pulse and the low voltage 
pulse is derived from a circuit comprising a first transis- 
tor, a second and third transistors having sources con- 
nected directly or through a diode to a drain of the first 
transistor, means for applying the high voltage to a 
drain of the second transistor and means for applying 
the low voltage to a drain of the third transistor, the 
second and third transistors being operated alterna- 
tively to provide the display signal at the drain of the 
first transistor. 

18 Claims, 7 Drawing Figures 
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required to drive such large a.c.-PDP, resulting in prob- 

DRIVING METHOD FOR DRIVING PLASMA lems of making the conventional driving circuit possible 

DISPLAY WITH IMPROVED POWER to use higher frequency with reduced power consump- 

CONSUMPTION AND DRIVING DEVICE FOR tion. 

PERFORMING THE SAME METHOD 5 in view of such problems, uses of a high speed, high 

voltage CMOS driver which may be usable instead of 

BACKGROUND OF THE INVENTION the conventional high voltage bipolar driver and an 

1. Field of the Invention unbalanced drive system in which a drive voltage on a 
The present invention relates to a method for driving scanning side is made as high as possible and a driving 

a flat panel display and a driving circuit therefor, and, voltage on a data side is made as low as possible have 

particularly, to a novel method for driving an X-Y dot been proposed by Sakuma et al. in "An AC Refresh 

matrix type AC-refresh plasma display panel which is PDF with High Voltage CMOS Drivers and Unbal- 

effective to realize an increased display area with mini- anced Power Supplies", No. 7.5, page 99, Society for 

mized power consumption, and a driving device for use Information Display (SID)84 DIGEST, 1984. Accord- 
in performing the same. 15 jjjg ^^le proposition, a large area PDF with 400 scan- 

2, Description of the Related Art Including Informa- ning electrodes X 640 data electrodes, for instance, has 
tion Disclosed Under Section 1.97 - 1.99 been realized with a less power consumption of about 

The plasma display device utilizes discharge phenom- one tenth that of the conventional method, 
enon of rare gas and, in view of a recent strong demand Also, in the recent information-oriented society, 
of lis application to a thin and lightweight displays for 2° there is an mcreased demand of a display device whose 
office and/or industrial automation, deligent efforts are power consumption is low enough to make it usable 
being made to realize such devices as having a large ^j^h a battery and whose display capability is much 
djsplay area and make them commercially available. ^^re improved. In order to drive such PDP with a 
The plasma display Panel (PDP) can be classified gener- battery, it has to operate with a power of several Watts 
ally into a dx. type which utilizes d.c discharge and an 25 ^^^^ P^^^ J 
a.c. type which utilizes an a.c. discharge. Among the A•^ i * • i ^ 
a.c. t^ panels, those in which display informations are !? f^^^^^ Vnl^^'^, ^"""^ containing a large number, 
stored as wall charge within the p4l and then dis- ^LnTr^ 2000, of scanning electrodes, is being re- 
played are referred to as being of a memory type and ^"ij^t^"^' for instance, the number of electrodes of 
those in which informations stored in an externalmem- 30 ^ J^f.^^V? ^^^P^^)! P^"^^ 'f'^^ ^ 
ory are read out and displayed repeatedly are referred ^00X1280 dot panel, the number of display dots be- 
to as being of a refresh type, the both having respective ^"^^ ^^^} 400 x 640 dot panel. Even 
features. " ^ scanning is possible by using a high speed CMOS 

Among those plasma display panels, the a.c.-refresh P°^^^ consumption of the panel may be 
type PDP is advantageous in that a structure thereof is 35 increased at least four times due to increased driving 
simple and legibility, reliability and life-time are supe- frequency and increased load capacitance. Since, on the 
rior to the other. Luminance of the a.c.-refresh type ^^^^ scanning electrodes which are driven Ime by 
PDP depends upon the number of light emissions of number of electrodes becomes twice and the 
each discharge cell, i.e., the number of a.c. voltage capacitance for each electrode becomes twice, the 
pulses applied thereto. A conventional driving system 40 Power to be consumed in the drive circuit becomes four 
for the refresh type X-Y dot matrix display panel is times. On the other hand, on the data electrode side, 
schematically shown in FIG. 1, in which line-at-a-tune frequency, the number of electrodes and load capaci- 
scanning system is employed Scanning electrodes (line t^ce for each electrode are twice, respectively. There- 
electrodes Y/ . . . Yrt) are sequentially selected by a fore, the power to the drive circuit becomes 8 times, 
scanning circuit 21 and a required series of high voltage 45 Since the driving power on the data side of the a.c.- 
pulses are applied thereto during each period of selec- refresh PDP in which all electrodes are driven simulta- 
tion. At the same time, a series of high voltage pulses neously is larger than that on the scanning side, the 
opposite in phase to the voltage pulses applied to the power consumption of the whole PDP when the dis- 
scanning electrodes are supplied from column elec- play area is doubled is not 4 times but substantially 8 
trodes (X/ . . . Xm) according to a data signal from an 50 times. 

image data signal input circuit 22 and cells each located T\>rx>r a t> v r^c tutt t vn/r: vT-m^vT 
at a cross point of the both electrodes illuminate propor- SUMMARY OF THE INVENTION 
tionally to the number of the applied pulses. Inciden- An object of the present invention is to realize driv- 
tally, Vsc and Vda in the same figure depict power ing of a plasma display panel having large area with a 
sources for the scanning circuit 21 and the image data 55 reduced power consumption by substantially reducing a 
signal input circuit 22, respectively. For a PDP having driving power on the side of data electrode by means of 
a large display area, however, the number of scanning a novel data electrode driving system using a driver 
electrodes required is at least 400. In order to obtain a constructed according to a principle of plasma gas dis- 
satisfactory display luminance of such large PDP, it is charge. 

necessary to increase a panel drive frequency corre- 60 According to one of features of the present invention, 

spondingly to the number of scanning electrodes. In a method of driving a plasma display, in which an infor- 

fact, assuming that, in order to obtain such satisfactory mation is displayed by selectively illuminating plasma 

display luminance, it is necessary to apply a.c. pulses at display cells in a matrix in line-sequence, comprises the 

arateof2000pulses/secondtoeachdisplay cell, a drive steps of applying a series of scan pulses through the 

frequency required for such panel having 400 scanning 65 scanning electrodes, applying display signals of a first 

electrodes becomes 2000x 400 =800 (KHz). . Since a voltage through data electrodes to selected cells for an 

voltage necessary for gas discharge is usually 120-150 initiation of gas discharge together with scan pulse with 

V (m either side), a high frequency and high voltage are a sum of the first voltage and the scan pulse voltage 
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being substantially higher than a gas discharge initiation below 45 V. When the data side voltage was further 
voItage» and applying the display signal of a second reduced gradually to around 30 V, emission at every 
voltage together with the scan voltage pulse to the display cell still continued. Below 30 V, emission was 
selected cells after gas discharge establishes, the second partially terminated. This fact may be thought due to 
voltage being lower than the fu^t voltage and enough to 5 that, once discharge initiates, the so-called wall charge 
sustain gas discharge. The first voluge is a voltage pulse grows within the discharge cell, which is held up to a 
having a high magnitude and the second voltage is a subsequent discharge initiation, resulting in a discharge 
voltage pulse lower than the first voltage. It is prefera- initiation voltage lowered for the subsequent discharge, 
ble to make a repetition frequency of th scan pulses In the present invention, at a time when a drive voltage 
higher during the period when the display signal takes 10 pulse train is applied to discharge cells for a selected 
the second voltage. time period, a data the magnitude of which is necessary 
According to another feature of the present inven- and enough to initiate a new discharge is applied thereto 
tion, a plasma display device comprises a display cell in an initial portion of the period and then the magni- 
matrix having plurality of plasma display cells arranged tude reduced, so that any selected discharge cell inili- 
in lines and columns, a plurality of line electrodes each 15 ates emission reliably. On the other hand, if the reduced 
connected commonly to the plasma display cells ar- magnitude data is applied for a period of 90% or more 
ranged in a line, a plurality of column electrodes each of the selected period, it is possible to data drive power 
connected commonly to the plasma display cells ar- in reverse proportion to about a square of the data signal 
ranged in a column, a scanning circuit for applying a magnitude. Since the data side drive power occupies a 
scan pulse to the line electrodes sequentially, and a 20 very large part of the power consumption, it is possible 
display signal supply circuit for supplying, together to substantially reduce the power consumption of the 
with the scan pulse, the first voltage the value of which whole display device by employing the present drive 
is enough to start gas discharge, to plasma display cells method. A sum of the scan side drive voltage and the 
and supplying, together with the scan pulse, the second data side voltage is applied to display cells as men- 
voltage whose value is lower than the first voltage and 25 tioned. Although such voltage applied to display cells 
enough to sustain gas discharge to the plasma display was 215 V at discharge initiation in the above men- 
cells after the initiation of gas discharge. The display tioned experiment, it may be usually selected in a range 
signal supply circuit may include a display signal con- from 190 V to 350 V and, although the voltage applied 
trol circuit which in turn has a furst transistor, a second to the display cell for sustaining discharge was 200 V in 
and a third transistors having electrodes connected 30 the above experiment, it may be selected usually in a 
commonly to an output electrode of the first transistor range from 170 V to 200 V. It may be possible to initiate 
and means for deriving the display signal from the out- discharge with a single pulse. However in order to 
put electrode of the first transistor, whereby, when the initiate a stable discharge, the number of pulses to be 
display signal is to be derived, the first transistor is applied should be 10 or less and, preferably. 2 to 4. 
turned off and the second transistor is turned on to 35 « 

supply the first voltage to the output electrode of the ^^^^^ DESCRIPTION OF THE DRAWING 

first transistor at an initiation of discharge and, after the The above and further objects, features and advan- 

initiation of discharge, the third transistor is turned on tages of the present invention will become apparent 
to supply the second voltage to the output electrode of from the following detailed description of preferred 

the first transistor. It may be possible to provide a plu- 40 embodiments taken in conjunction with the accompany- 

rality of the display signal control circuits in the display ing drawings, wherein: 

signal supply circuit correspondingly, in number, to the FIG, 1 is a circuit diagram for explaining a drive 

column electrodes or to provide a single display signal method of a conventional a.c.-refresh type plasma dis- 
control circuit in combination with a plurality of play; 

switches so that the required voltages are selectively 45 FIGS. 2A to 2C show waveforms of scan pulse and 

supplied to column electrodes containing plasma dis- data pulse to be used in first to third embodiments of the 

play cells to be illuminated. present drive method of plasma display panels, respec- 

According to a inventor's study of the relation be- tively; 

tween the driving pulse voltage and discharge emission FIG. 3 is a circuit diagram showing an example of a 

phenomenon in the a.c.-refresh PDF, the following 50 circuit for producing data pulse; 

facts have been clarified. That is, in the improved PDP FIG. 4 is a block diagram showing an example of the 

driving method disclosed in the article mentioned previ- plasma display panel, in which the respective embodi- 

ously, a high voltage pulse the magnitude of which is as ments of the present drive method are realized; and 

large as an upper limit of an operating voltage range in FIG. 5 is a block diagram showing another example 

which erroneous operation due to one side drive hardly 55 of the plasma display panel in which the first and second 

occur is applied from the scan side and a voltage high embodiments of the present drive method are realized, 
enough to initiate discharge is applied from the data 

side. At the selected cells, these two voltages opposite DESCRIPTION OF THE PREFERRED 

in phase to each other are superposed and when a sum EMBODIMENTS 

of them exceeds the discharge initiation voltage, dis- 60 Preferred embodiments of the present invention will 

charge emission occurs. In an example of large area now be described in detail with reference to theaccom- 

PDP used in experiments conducted by the inventor, panying drawings. 

scan side drive voltage was about 170 V, in which case FIG, 2A shows high voltage pulse waveforms in scan 
data side voltage required to initiate discharge was in and data sides of an embodiment for performing the 
theorderof45V including a margin. It was found that 65 present drive method. A PDP to which the present 
once discharge is initiated and a stationary display is invention is applied is substantially the same as that 
provided, there is no termination of discharge emission shown and described in the article previously men- 
even if the data voltage is gradually decreased even doned, basically, except a drive voltage pulse. In this 



03/20/2003. EAST version: 1.03.0002 



4,692,665 

5 6 

embodiment, a scan pulse SP having a frequency of 1 . tern. In this embodiment, scan pulse SP. having a fre- 

MHz and a voltage V^c = 170 V is applied to selected quency of 1 MHz, and magnitude Vsc= 170 V is ap- 

scan electrode or electrodes and an initiation pulse volt- plied to selected scan electrodes. On the other hand, 

age V//1 (e.g. 60 V) which is relatively high to initiate data pulse DP is applied thereto, which is a low voltage 

gas discharge is applied as a data pulse DP to data elec- 5 pulse signal having magnitude Vm of 10 V and being in 

trodes. In FIG, 2A, three of such initiation pulses are phase with the scan pulse SP when the selected cells are 

shown. The number of initiation pulses depends upon not illuminated. When the cells are to be illuminated a 

charactenstics of the display panel itself and voltage relatively high voltage initiation pulse Wm (e.g., 60 V), 

thereof. Therefore, a smgle such pulse may be used to together with the scan pulse SP, is applied thereto for 

mitiate discharge if necessary. However, in order to 10 an initial part of illumination to initiate discharge, the 

obtain a stable discharge initiation characteristics, it is V//, being opposite in phase to the scan pulse SP, 

advisable to use ten of such pulses or less, preferably, 2 i„ this embodiment, a couple of initiation pulses are 

to 3 pul^. That IS each mitiation pulse should have a ^^ed for discharge initiation. After the initiation of dis- 

magnitude and width which are enough to initiate gas charge, the data pulse voltage is reduced to Ym (-10 

discharge and a repeUtive rate enough to pmduce wall 15 y). Subsequently, in one scan period, a signal including 

t^Z "^'"^ H r ? ^T"^ d-scharge con. scan pulse (V.c^ 170 V) and a drive pulse (V;/2== 10 \0 

stontly. Then, the data pulse voltage is reduced to ^^^^ j^^^ f 1 MHz is^pHed to 

V//2(=15 V) which, together with scan pulse having .i,^ Z.^ 1,,,, ^\^..*J2a . J-^u t * j j- u 

voltage V5C=I70 V, is applied to the selected dis- '^''51^1 1 nw^^^^ fr T^' 

charge cells for the remaining part of the scan period as 20 2; ™W / ^^^"^ 

a drive pulse signal having p5se repetitive frequency of ^^^^e s<^""^^g >j completed for one frame m this man- 

1 MHz. to thereby cau^ them to illuminate. When "ei.it is repeated sequentially to display an mformation. 

scanning of one frame is completed in this manner, the ^ To column electrodes connected to discharge cells to 

same selective scanning is repeated to display an infor- iliuminated, a pulse which is in phase with the 

mation. 25 ^ ^ waveheight of 10 V is applied as 

According to this embodiment, the data voltage for mentioned above, 
continuous discharge could be substantially reduced to P"*®^ application, voltage on the nonse- 
a level of 15 V, This is because discharge is reliably ^^^^ ^^"^ ^^^^^ ^ threshold value for dis- 
initiated by such high pulse voltage at every scan initia- cliarge initiation to thereby prevent erroneous illumina- 
tion (60-70 times/sec) and wall charge which is enough 30 ^^^^ occurring. This is because voltage 
to sustain discharge even with a lower voltage is pro- applied to these cells is the scan pulse voltage reduced 
duced every time. Although luminance may be lowered P"*^^- Therefore, even if the waveheight of the 
slightly when a sum (Ssc+^Hi) of a.c. drive pulse scan pulse is larger than those in the other embodiments, 
voltage is made small, it can be compensated for easily possible to completely suppress illumination of 
by increasing drive pulse frequency. In any way. since 35 The higher the magnitude of scan pulse is the 
the data drive voltage can be reduced from conven- easier the discharge and the larger the wall charge in- 
tional 45 V to 15 V in the present system, the power jection. Therefore, the sustenance of discharge becomes 
consumption during sustained discharge can be reduced easier. 

to one-nineth (=(15/45)2). jt has been found that the ^ shovys a circuit diagram for producing the 
data side power consumption of the present system is 40 P"^^ which comprises a load transistor 1 con- 
reduced to one fourth to one fifth that of the conven- nected to a high voltage power supply V^i, a load 
tional system even if power of initiation pulse and high transistor 2 connected to a low voltage power supply 
frequency power for maintaining luminance are taken ^Hi* a diode 4 connected between the load transistor 2 
into consideration. Therefore, according to the present an output terminal 3 of the circuit and a single drive 
invention, a total power consumption of a large area 45 transistor 5. These transistors can be on-off operated 
PDP having a doubled vertical length and a doubled . with independent timings from each other by respective 
horizontal length with respect to a conventional PDP, gate input means (not shown). The initiation pulse Wh\ 
i.e., having display area which is four times that of the is produced by an inverter composed of the load transis- 
conventional PDP becomes only, about twice that of the tor 1 and the drive transistor 5, which is separated from 
latter. 50 a circuit portion including the load transistor 2 by the 
FIG. 2B is voltage pulse waveforms of a second em- diode 4. Then, the load transistor 1 is turned off and the 
bodiment of the present drive method. In this embodi- pulse Vm is produced by a circuit portion including the 
ment, the repetitive frequency of the initiation pulse is load transistor 2 and the drive transistor 5. When the 
relatively low (e.g.. 500 KHz) and drive frequency in a circuit has a CMOS construction with PMOS and 
scan period for achieving a desired luminance is se- 55 NMOS transistors of high breakdown voltage as 
lected as being high (1 MHz or more). When the width shown, the circuit can be operated at high speed with 
of the initiation pulse is enough, a sufficient wall charge low power consumption. 

is produced in the width. Therefore, it is possible to With the circuit having such characteristics, it is 

further reduce the initiation voltage value. In this em- easily possible to resolve a problem of producing both 

bodiment, it has been found that discharge is reliably 60 high voltage pulse and low voltage pulse by means of a 

initiated even if the ignition voltage Vjyi is as low as compact circuit, which has been very difficult to real- 

35-40 y. According to the so-called frequency modula- ize. The output circuit may be composed of transistors 

tion driving of this type, it is advantageously possible to of the same type or of bipolar elements, needless to say. 

set a discharge initiation voltage which is uniform When a multiple of load transistor stages each including 

throughout a large area display panel with a reduced 65 a diode such as shown in FIG. 3 are used instead of each 

data side voltage. load transistor in FIG. 3. it is possible to produce a pulse 

FIG. 2C shows waveforms of scan and data voltage output having two or more voltage levels with a single 

pulses in a third embodiment of the present drive sys- output circuit. 
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FIGS, 4 and 5 show display panel drive circuits each 5. The method claimed in claim 4, wherein a sum of 

employing such output circuit as shown in FIG. 3, re- voltage values of said signal and said scan pulse is larger 

spectively. In FIG. 4, an output circuit 11 which is the than 190 to 300 volts. 

circuit shown in FIG, 3 is provided for every column of 6- The method claimed in claim 2, wherein a sum of 

a display cell matrix 13. A control circuit 14 controls 5 voltage values of said signal and said scan pulse is larger 

the output circuits 11 connected to display cells to be t^^an 170 to 200 volts. 

illuminated to supply data pulses from the output cir- 7. The method claimed in claim 2. wherein said scan 

cuits. A scanning circuit 15 which is also under a con- P^^se has a low repetitive frequency when said prede- 

trol of the control circuit supplies scan pulse to lines termined voltage of said signal is applied and a high 

sequentially. This display panel drive circuit can realize repetition frequency when said second low voltage 

any of the first to third embodiments. ^^6"^^ applied. 

In FIG. 5, a single output circuit 11 is used, and a ^' method claimed m claim 1. wherein said signal 

switch circuit 12 is controlled by a control circuit 14 to »s cornposed of a plurality of voltage pulses, the number 

supply data pulses to column connected to the display , of said voltage pulses being 10 or less. 

ceUs to be illuminated. This drive circuit can realize any . ^ J^^ "'^^^^^^^ h ^^erem a repeli- 

of the first and second embodiments. frequency of said scan pulse is increased for a per- 

According to the driving system of the present inven- ^^uced"" P^^^^^^""^"^^ voltage of said signal is 

tion, it is possible to uniformly initiate discharge and -m tu ♦i. ^ i • j * i • « ^ 

sustain initiated discharge of a dot matrix PDF with a ,„ i,".!^' ^'"'f ^^'"""^ T^"^'"" 

low voltage and to subsfantially reduce the power con- '° ^l^lTlwtST' , T," " f"'"^. '° 

, ^„ f J . J T- \-t. J- . .1. column electrode connected to other plasma dis- 

sumption of the data side Further according to the pj^y ^,3 j„ ^e Uluminated. 

circuit tor producing the driving pulses of the present i„ 

a method of driving a plasma display device 
invention, it is possible to resolve the problem of pro- having a plurahty of plasma display cells each at one of 
vidmg a compact and mexpensive circuit capable of 25 cross points of a plurality of scan electrodes and a plu- 
producmg a plurality of high frequency, high voltage ^ality of data electrodes to form a display cell matrix, in 
pulses different in frequency and magnitude from each which a scan pulse is applied to said scan electrodes 
other, which has been considered difficult to realize, sequentially and a display signal is applied to said data 
and since such circuit can be easily formed in LSI, very electrodes to selectively illuminate said plasma display 
large industrial merit is obtained. 30 cells in a line sequence to thereby display an informa- 
Furthermore, according to the present invention, the tion, an improvement wherein said display signal in- 
total power consumption necessary for driving a PDF is eludes a first voltage in a first period including a period 
reduced to several Watts which is about one third that of initiation of gas discharge, said first voltage being 
of the conventional system. This means that the PDF selected such that a sum of said scan pulse and said first 
can be used as a portable terminal display device to be 35 voltage being substantially larger than a gas discharge 
powered by a battery and the utilization field of PDP is initiation voltage and said display signal includes a sec- 
substantial enlarged. Further, according to the present ond voltage in a second period after gas discharge initi- 
driving system, a PDP having a large display area for ates, said second voltage being smaller than said first 
times that of a conventional panel can be driven with voltage. 

power consumption which is only twice that of the 40 12. The method claimed in claim 11, wherein said first 

conventional panel, at most. Therefore, the present voltage is in the shape of pulse, 

invention largely attributes to a popularization and ap- 1^* The method claimed in claim 12, wherein said 

plication of such large display area panel. second voltage is in the shape of pulse. 

What is claimed is: The method claimed in claim 11. wherein said 

1. A method of driving a plasma display device in- P^*^^ has first repetition frequency in said first 
eluding a plurality of plasma display cells arranged in a penod and a second repetition frequency higher than 
form of matrix, said plasma display cells arranged in ^""^^ repetition frequency in said second period, 
each line being connected to a line electrode and said ^ Plasma display device comprising a display cell 
plasma display cells arranged in each column being ^^^^^ including a plurality of plasma display cells ar- 
connected to a column electrode, said method compris- ^^^^^^ ^" ^^^^^ columns, a plurality of line elec- 
ing the steps of: trodes each commonly connected to said plasma display 

applying a scan pulse to said line electrodes, sequen- "^^"^ arranged in a column, a scanning circuit for apply- 

tj^lly. ^ ing a scan pulse to said line electrodes sequentially and 

applying a signal having a predetermined voltage to „ "flfP'^y ''^nal supply circuit for applying together 

selected ones of said Column electrodes connected " ^^.^^'^ P"''^*'/ yoluge to said column 

to said plasma display cell or cells to be iUumi- plasma d«play cells to be 

nated- and illuminated, at an imtiation of gas discharge, a sum of 

,^j„„* ' .J J ^ • J 1* c 'J, ' , scan pulse and said first voltage being enough to 

1 v^W witf. T "^1*° discharge, and a second voltfge. smaller 

a value ower than said predetermmed voltage after «, than said first voltTge and enough to sustain gas dis- 

smd ceM or ceUs mitiate jllummatmg. charge after gas discharge, said display signal supply 

2. The method c aimed m claim 1. wherem said signal circuit bemg provided with a display si^al control 
IS composed of at least one voltage pulse circuit including a first transistor, a second and third 

3. The method claimed m claim 2, wherem the re- . transistors having a common electrode connected to an 
duced voltage signal takes in the form of pulses. 65 output electrode of said first transistor and means for 

4. The method claimed in claim 2, wherein said first deriving a display signal from said output electrode of 
high voluge signal is a pulse signal opposite in phase to said first transistor, said display signal control circuit by 
said scan pulse. operation to turn off said first transistor, when said 
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display signal is to be derived, and at a gas discharge 
initiation, to turn on said second transistor to thereby 
apply said first voltage to said output electrode of said 
first transistor and, after gas discharge starts, to turn on 
said third transistor to thereby apply said second volt- 
age to said output electrode of said first transistor. 

16. The method claimed in claim 15, wherein said 
common electrode of said third transistor is connected 



through a diode to said output electrode of said first 
transistor, said diode being forward-biased. 

17. The method claimed in claim 15. wherein said 
display signal control circuit is provided for every col- 
umn. 

18. The method claimed in claim 15, wherein an out- 
put of said display signal output circuit is connected 
with switches to respective column lines. 
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